The effects of formulation additives on the degradation of freeze-dried ribonuclease A.
The stability of a freeze-dried model protein, ribonuclease A (RNase), was investigated under accelerated storage conditions at 45 degrees C for time periods up to 60 days. Because RNase is a fairly stable molecule around pH 7, lyophilization was performed in phosphate buffers at pH 4.0 or 10.0 to accelerate degradation kinetics. Degradation was studied by measuring enzymatic activity, the concentrations of soluble monomeric RNase, soluble aggregated (polymerized) RNase, and insoluble aggregated RNase following reconstitution of the lyophilized material at different times. The presence of air in the vial headspace accelerated degradation in the solid state in all cases. When argon or nitrogen was employed in the headspace, degradation kinetics were reduced, implying that molecular oxygen was involved in the degradation process. This interpretation was supported by the observation that 0.05% (w/v) EDTA in the formulation prior to freeze-drying retarded RNase degradation dramatically. EDTA was believed to chelate cations which may have been introduced with the buffer salts in trace quantities sufficient to catalyze autoxidation reactions. Incorporation of antioxidants ascorbic acid (at pH 4.0) and POBN (a spin trap which could have functioned as an antioxidant at pH 10.0) accelerated the degradation of RNase and appeared, in both cases, to be involved in interactions with the protein molecules. Additionally, in the presence of the antioxidants RNase degradation appeared to be accelerated by light. Although there is strong support for the oxidative hypothesis, the possibility of other competing reactions cannot be discounted. These investigations demonstrate the importance of challenging the extrapolation of some of our well-established ideas concerning small molecule solution kinetics to macromolecules in the solid state.